The article proposes implementing the Differentiated Absolute Contrast Method approach to reduce the impact of the sound area variability typical of phase contrast results from PPT experiences. Since depth retrieval from phase as proposed in [1] needs the sound area for phase difference calculation, the problem of a priori knowledge of the defect location as well as the non-uniform heating arises. Using DAC method, these difficulties could be avoided since the phase difference is obtained for corresponding pixels of phase image from thermogram sequence and of phase image from calculated non-defective surface temperature evolution starting from the last thermogram with no defect visible yet.
where zdef is the defect depth, C is a correlation constant estimated from the experimental data and α is the diffusivity of the material. Since this inversion method uses the phase contrast in order to determine the blind frequency, some difficulties arise regarding the proper selection of the sound area and the corresponding result uncertainties. This paper proposes overcoming the above mentioned difficulties using the Differentiated Absolute Contrast (DAC) method presented in [3] . In a similar way as the heat transfer model assuming a semi-infinite body is used to calculate the defectfree surface temperature evolution in time, for purposes of temperature contrast determination, we implemented a similar approach for phase contrast calculations.
2.Theoretical background
Assuming that the heat transfer in case of the sample under consideration can be described with sufficient accuracy using the semi-infinite body model, the equation governing the sample surface temperature evolution in time after an energy impulse Q (Dirac pulseδ(t)) has been applied yields:
Where z is the distance from surface (thus z=0 corresponding to the sample surface), t is the time, e is the material effusivity and Q is the input energy. Taking the thermogram obtained at the time t' before the first defect becomes visible on the surface, the temperature of the sound area at location [i,j], ∆Ts[i,j] (t') can be obtained from: ' '
Applying Eq.(5) on the whole surface of the inspected sample, the time evolution of the surface temperature corresponds to the temperature evolution that would be obtained if no defect at all was present in the sample. This assumption is valid as long as no defect is visible in the first useful thermogram recorded after the pulse (i.e. the Early Recorded Thermogram or ERT). In addition, the temperature distribution will be reflecting the local inhomogenities due to the non-uniform heating caused by the applied heat source, as well as the probable surface emissivity non-uniformities.
Phase contrast using DAC approach -method proposition
In order reduce the impact of the sound area choice on the final results, the idea was to use the surface temperature distribution calculated from Eq.(5) as the sound area temperature for each of the surface locations. PPT is applied on experimentally obtained thermograms as well as on the calculated sound area temperature distribution images according to Eq.(5). Phase data obtained from PPT for both image sequences are then correspondingly subtracted yielding in phase contrast curves. The locations corresponding to the defective area will show differences in phase values while the sound area should provide no phase differences after the subtraction has been done. In this way, the influence of the nonuniformities is expected to be reduced since the phase subtraction is performed for spatially corresponding points, where the same excitation conditions as well as the emissivity values appear. Besides, one does not have to decide on the choice of sound area which sometimes is difficult or even impossible.
Translated into the subtraction algorithm the following equations are used for the phase subtraction for phase contrast as proposed in [1] :
and for phase contrast using DAC approach:
Experimental results
Two experiments were conducted to validate the proposed method for phase difference calculation. Both experiments were performed using two photographic flashes (Balcar FX 60, 6.4 kJ),with a pulse duration of 2 ms as the excitation source. All the thermogram sequences were recorded using a FPA infrared camera (Santa Barbara Focalplane SBF125, 3 to 5 µm), with a 320x256 pixel array.
Plexiglas TM plate
The first specimen that was used was a Plexiglas TM plate, 4 mm thick, having six holes of the same diameter (10 mm) and located at different depths (1, 1.5, 2, 2.5, 3, 3.5 mm) from the plate surface. The geometry of the plate is shown on Figure 1 . The sequence of 300 images was taken at sampling rate of 11.25 Hz. Figure 2 shows the phase contrast image at 0.14 Hz obtained using Eq. (6) . Figures  3 and 4 show the obtained phase and phase contrast profiles for the 2 mm depth defect (i.e. the defect corresponding to the most left low row defect on the phase image in Figure 2 ), using Eq.(6) and Eq. (7), respectively. In all cases, the temperature evolution used for phase calculation was averaged over a 5x5 window centred in the middle of the defect as shown on Figure 2 . The obtained results using DAC approach are comparable with results obtained from traditional phase contras.
Results from deeper defects (not shown) indicate that the accuracy of the technique worsen as depth is increased, which is not surprising since noise is higher for deeper defects and phase values less intense. The smoothness of the phase curve obtained from theoretically calculated temperature evolution of sound region provides elimination of noise contained in phase curve obtained for sound area.
Fig. 1. Plexiglas plate geometry

Fig. 2. Phasegram at 0.14 Hz showing the z=2 mm defect
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Fig. 3. Phase contrast profiles for the z=2 mm defect using the standard Phase Contrast Method
Phase contrast (rad) Fig. 4 . Phase contrast profiles for the z=2 mm defect using the DAC approach
Carbon Fibre CFPR006 plate
The second experiment was performed on a Carbon Fibre Reinforced Plastic specimen CPFR006. The plate contained 25 Teflon® square inclusions of different lateral sizes (3, 5, 7, 10, 15mm) and depths (0.2, 0.4, 0.6, 0.8, 1.0mm). The geometry of the sample is shown in Figure 5 . Similarly to the previous experiment, phase and phase contrast profiles were obtained. Figure 6 presents the phasegram at 0.31 Hz showing the D=15 mm and z=0.2 mm defect. Figure 7 shows the phase and phase contrast profiles using Eq. (6) over a 5x5 window centred in the middle of the defect as shown on Figure 6 . Figure 8 shows equivalent results obtained with Eq. (7). From Figures 7 and 8 , it can be seen that the blind frequency obtained using the DAC approach is close to the one obtained with the standard phase contrast technique. This is also true for deeper defects although, as before, accuracy worsens as depth is increased. The depth range of validity for anisotropic materials is thus expected to be lower than for isotropic material such as Plexiglas®.
A-A
Conclusions
Experiments were conducted on two plates of different thermal properties, one of them being known for significant material properties anisotropy (CFRP) using traditional DAC approach and a modified DAC technique using the phase form PPT data. Results indicate that the proposed DAC approach used for phase contrast calculations provide good results for homogeneous materials that approximates the ideal 1D heat diffusion modelled by Eq. (2). The proposed techniques still holds for shallow defects in anisotropic materials. Blind frequency calculations are not as good for deeper and/or smaller defects. Having in mind the difficulties arising in proper choice of sound area needed for the Phase Contrast method, DAC method approach can be considered an interesting alternative, especially when the non uniformities in heating are significant. A general conclusion was drawn that the validity and limitations of the assumption that the specimen under consideration can be considered as a semi-infinite plate is important for the method implementation and quality of the results obtained.
